This study examined the inhibitory mechanism of galanin, a 29 amino acid polypeptide on pancreatic enzyme secretion in anaesthetised rats, isolated pancreatic acini, and lobules. Urethane anaesthetised rats with pancreatic fistulas pretreated with 3-0-methylglucopyranose (500 mg/kg/h) were stimulated with an intravenous bolus of 2-deoxyglucose (2-DG) (75 mg/kg). Maximal amylase secretion was mean (SEM) 274 (19 (Gut 1993; 34: 1616-1621 Galanin, a 29 amino acid peptide, was first isolated from porcine intestinal mucosa by Tatemoto et al using a method that detects its C-terminal amide structure.' The name was derived from its N-terminal amino acid glycine and the C-terminal amino acid alanine. Galanin is widely distributed in the neurons of the central nervous system and the gut and coexists with norepinephrine, serotonin, y-amino butyric acid, vasopressin, cholecystokinin (CCK) and acetylcholine.2'-The localisation and the coexistence with these neurotransmitters strongly suggests that galanin plays an important part in the modulation of neural transmission. In the pancreas galanin immunoreactive nerve fibres have been detected in several species, only the intrapancreatic abundance and distribution varies slightly among them.9 In the rat galanin immunoreactive nerve fibres are located around blood vessels and scattered in the exocrine pancreatic parenchyma, occasionally in the islets. Therefore, in this study we investigated the hypothesis that galanin inhibits pancreatic enzyme secretion by presynaptic modulation of acetylcholine release. To test this hypothesis we examined the effect of galanin (a) on 2-deoxyglucose (2-DG) stimulated amylase release in anaesthetised rats, (b) on CCK8 and carbachol stimulated amylase release from isolated pancreatic acini devoid of neural elements, (c) on the sodium channel activator veratridine stimulated amylase release from pancreatic lobules contain-
Urethane anaesthetised rats with pancreatic fistulas pretreated with 3-0-methylglucopyranose (500 mg/kg/h) were stimulated with an intravenous bolus of 2-deoxyglucose (2-DG) (75 mg/kg). Maximal amylase secretion was mean (SEM) 274 (19)% of basal secretion. Atropine (150 ug/kg/h) and galanin (10 nmol/kg/h) almost completely inhibited 2-DG stimulated amylase secretion suggesting an inhibition of cholinergic transmission. To further test this possibility this study investigated the effect of galanin on carbachol and cholecystokinin stimulated amylase release from isolated pancreatic acini. Galanin did not suppress carbachol or cholecystokinin stimulated amylase release, indicating that galanin inhibits exocrine secretion by indirect mechanisms. The cholinergic pathway was assessed by using pancreatic lobules containing intrapancreatic neurons. Veratridine, a sodium channel activator, dose dependently stimulated amylase release. Veratridine (100 ,M) stimulated amylase release by 411 (10)% of basal secretion. Atropine (1 uM) or tetrodotoxin (1 uM) almost completely blocked veratridine stimulated amylase release. Galanin (1 uM) significantly inhibited veratridine stimulated amylase release with a maximal inhibition of 50% (p<005). In addition, when lobules were incubated with [3H]-choline, galanin significantly (p<0-05) inhibited veratridine stimulated release of newly synthesised [3H]-acetylcholine. Thus galanin inhibits pancreatic secretion by inhibiting cholinergic transmission. These studies show that galanin inhibits rat pancreatic enzyme secretion by an indirect mechanism by reducing cholinergic transmission. (Gut 1993; 34: 1616-1621) Galanin , a 29 amino acid peptide, was first isolated from porcine intestinal mucosa by Tatemoto et al using a method that detects its C-terminal amide structure.' The name was derived from its N-terminal amino acid glycine and the C-terminal amino acid alanine. Galanin is widely distributed in the neurons of the central nervous system and the gut and coexists with norepinephrine, serotonin, y-amino butyric acid, vasopressin, cholecystokinin (CCK) and acetylcholine.2'-The localisation and the coexistence with these neurotransmitters strongly suggests that galanin plays an important part in the modulation of neural transmission. In the pancreas galanin immunoreactive nerve fibres have been detected in several species, only the intrapancreatic abundance and distribution varies slightly among them.9 In the rat galanin immunoreactive nerve fibres are located around blood vessels and scattered in the exocrine pancreatic parenchyma, occasionally in the islets. Isolated pancreatic acini studies Isolated rat pancreatic acini were prepared by collagenase digestion, as described previously, to test if galanin directly affects CCK or carbachol stimulated amylase release.2' Briefly, pancreatic tissue was incubated in 10 mM HEPES buffered Ringer solution (HR) containing 100 U/ml collagenase, 6 mM glucose, 0-5% bovine serum albumin, 0-1% soybean trypsin inhibitor, and Eagle's minimum amino acid supplement; the digestion buffer was additionally injected into the pancreatic interstitium to permit better digestion of tissue. After 30 minutes' incubation at 37°C under 02 saturation in a shaking water bath, acini were dispersed with mild shearing forces, passed through a double filter gauze, and purified by sedimentation in 4% bovine serum albumin. Acini were washed three times in HR and added in aliquots to prepared vials containing CCK8 or carbachol in the presence or absence of galanin (1 uM (Fig 1) . Atropine (150 ,ug/kg/h) blocked the stimulatory effect of 2-DG completely proving that 2-DG acts by cholinergic pathways to stimulate pancreatic enzyme secretion (Fig 1) . Also galanin (10 nmol/ kg/h) completely inhibited 2-DG-stimulated amylase output suggesting that galanin might affect cholinergic transmission (Fig 1) .
Carbachol log (M) Figure 2 : Effect ofgalanin on cholecystokinin 8 fashion with an optimal secretion at 10 pM and 5
,uM, respectively (Fig 2) . Galanin at 1 ,uM did not change the amylase response to CCK8 or carbachol showing that galanin has no direct effect on the pancreatic acini to inhibit amylase secretion and that the inhibitory effect of galanin seen in vivo has to be indirect (Fig 2) . Lower doses of galanin were without any effect as well.
Pancreatic lobule studies In pancreatic lobules the sodium channel activator veratridine depolarises these neurons causing a dose dependent amylase release into the superfusion buffer (Fig 3) . The sodium channel activator veratridine (100 ,M) caused a 412 (10)% stimulation of basal amylase release. Tetrodotoxin (1 ,tM), a specific sodium channel blocker, abolished amylase secretion stimulated by the highest dose of veratridine used (Fig 4) .
Atropine (1 uM [3H]-acetylcholine release by 177 (6)% (Fig 6) .
Galanin treatment inhibited this stimulation to 114 (3)% providing direct evidence that galanin inhibits pancreatic secretion by an inhibition of cholinergic transmission (Fig 6) .
Discussion
Galanin completely inhibited 2-DG stimulated amylase release in anaesthetised rats -a stimulus that is known to act by cholinergic pathways.920 Yagci et al found that galanin potently inhibited bombesin, secretin, and cholecystokinin stimulated pancreatic protein and amylase secretion in the anaesthetised rat."2 According to the study from Yagci et al we used a maximal dose of galanin to test the effect on cholinergically stimulated amylase secretion and did not perform additional experiments with lower concentrations, because our aim was to further elucidate the inhibitory mechanism.
In isolated pancreatic acini galanin failed to group.bmj.com on June 24, 2017 -Published by http://gut.bmj.com/ Downloaded from have any inhibitory action on CCK8 or carbachol stimulated amylase release. By contrast with our findings, Ahren et al reported a weak, but significant, inhibitory action on CCK8 and carbachol stimulated amylase release in isolated rat pancreatic acini. 6 They used different concentrations of galanin (100 pM-100 nM) on amylase secretion stimulated by a supramaximal dose of CCK8 (10 nM) and a submaximal dose of carbachol (10 AM). At 10 nM CCK they saw a 9-7 (0 6)% stimulation of total amylase release. Addition of galanin (100 nM) reduced amylase secretion to 8% only. Carbachol stimulated amylase release by 13-5%; addition of galanin (1 nM) reduced stimulation to 11 25%. The inhibition by galanin seems to be rather weak. To see a direct effect of galanin, we tested the highest concentration ofgalanin (1 ,uM) on various doses of CCK8 and carbachol. Our acini were far more responsive to CCK8 and carbachol with the maximal secretion of 24 (1-3)% at (10 pM) and 21-6 (1-7)% at (5 ,uM), respectively (see Fig 2) 
